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SCOPE OF CLAIMS 

1. An apparatus for controlling the temperature 
of an exhaust gas sensor disposed in an exhaust passage of 
an internal combustion engine and having an active element 
for contacting an exhaust gas flowing through the exhaust 
passage and a heater for heating the active element, com- 
prising : 

temperature estimating means for sequentially 
estimating the temperature of the active element based on 
predetermined element temperature model which is represen- 
tative of a temperature change of the active element due t 
heat transfer between at least said active element and an 
exhaust gas held in contact with the active element, and 
heater control means for controlling said heater to equal- 
ize the temperature of the active element with a predeter- 
mined target temperature, using an estimated value of the 
temperature of the active element from said temperature es 
timating means. 

2. An apparatus for controlling the temperature 
of an exhaust gas sensor disposed in an exhaust passage of 
an internal combustion engine and having an active element 
for contacting an exhaust gas flowing through the exhaust 
passage and a heater for heating the active element, com- 
prising : 

temperature estimating means for sequentially 
estimating the temperature of the active element based on 
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predetermined element temperature model which is represen- 
tative of a temperature change of the active element due to 
heat transfer between at least said active element and said 
heater, and heater control means for controlling said 
heater to equalize the temperature of the active element 
with a predetermined target temperature, using an estimated 
value of the temperature of the active element from said 
temperature estimating means. 

3. The apparatus for controlling the temperature 
of an exhaust gas sensor according to claim 1 or 2, wherein 
said element temperature model comprises a model which is 
determined to represent, in combination, a temperature 
change of the active element due to heat transfer between 
said active element and an exhaust gas held in contact with 
the active element and a temperature change of the active 
element due to heat transfer between said active element 
and said heater. 

4. An apparatus for controlling the temperature 
of an exhaust gas sensor disposed in an exhaust passage of 
an internal combustion engine and having an active element 
for contacting an exhaust gas flowing through the exhaust 
passage and a heater for heating the active element, com- 
prising : 

temperature estimating means for sequentially 
estimating the temperature of the heater based on a prede- 
termined heater temperature model which is representative 
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of a temperature change of the heater due to heat transfer 
between at least said heater and said active element, and 
heater control means for controlling said heater to equal- 
ize the temperature of the heater with a predetermined tar- 
get temperature, using an estimated value of the tempera- 
ture of the heater from said temperature estimating means. 

5. An apparatus for controlling the temperature 
of an exhaust gas sensor disposed in an exhaust passage of 
an internal combustion engine and having an active element 
for contacting an exhaust gas flowing through the exhaust 
passage and a heater for heating the active element, com- 
prising: 

temperature estimating means for sequentially 
estimating the temperature of the heater based on a prede- 
termined heater temperature model which is representative 
of a temperature change of the heater due to at least the 
supply of heating energy to said heater, and heater control 
means for controlling said heater to equalize the tempera- 
ture of the heater with a predetermined target temperature, 
using an estimated value of the temperature of the heater 
from said temperature estimating means, 

6. The apparatus for controlling the temperature 
of an exhaust gas sensor according to claim 4 or 5, wherein 
said heater temperature model comprises a model which is 
determined to represent, in combination, a temperature 
change of the heater due to heat transfer between said 
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heater and said active element and a temperature change of 
the heater due to the supply of heating energy to said 
heater. 

7. An apparatus for controlling the temperature 
of an exhaust gas sensor disposed in an exhaust passage of 
an internal combustion engine and having an active element 
for contacting an exhaust gas flowing through the exhaust 
passage and a heater for heating the active element, com- 
prising: 

temperature estimating means for sequentially 
estimating the temperature of the active element based on a 
predetermined element temperature model which is represen- 
tative of, in combination, a temperature change of the ac- 
tive element due to heat transfer between said active ele- 
ment and an exhaust gas held in contact with the active 
element, and a temperature change of the active element due 
to heat transfer between the active element and said 
heater, and sequentially estimating the temperature of the 
heater based on a predetermined heater temperature model 
which is representative of, in combination, a temperature 
change of the heater due to heat transfer between said 
heater and said active element and a temperature change of 
the heater due to the supply of heating energy to said 
heater; and 

heater control means for controlling said heater 
to equalize the temperature of the active element with a 
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predetermined target temperature, using an estimated value 
of the temperature of the active element and an estimated 
value of the temperature of the heater from said tempera- 
ture estimating means. 

8. An apparatus for controlling the temperature 
of an exhaust gas sensor disposed in an exhaust passage of 
an internal combustion engine and having an active element 
for contacting an exhaust gas flowing through the exhaust 
passage and a heater for heating the active element, com- 
prising : 

temperature estimating means for sequentially 
estimating the temperature of the active element based on a 
predetermined element temperature model which is represen- 
tative of, in combination, a temperature change of the ac- 
tive element due to heat transfer between said active ele- 
ment and an exhaust gas held in contact with the active 
element, and a temperature change of the active element due 
to heat transfer between the active element and said 
heater, and sequentially estimating the temperature of the 
heater based on a predetermined heater temperature model 
which is representative of, in combination, a temperature 
change of the heater due to heat transfer between said 
heater and said active element and a temperature change of 
the heater due to the supply of heating energy to said 
heater; and 
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heater control means for controlling said heater 
to equalize the temperature of the heater with a predeter- 
mined target temperature, using an estimated value of the 
temperature of the active element and an estimated value of 
the temperature of the heater from said temperature esti- 
mating means. 

9. The apparatus for controlling the temperature 
of an exhaust gas sensor according to claim 1, wherein said 
element temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tem- 
perature of said active element as including a temperature 
change component depending on the difference between at 
least the temperature of the active element and the tem- 
perature of the exhaust gas held in contact with the active 
element, and said temperature estimating means sequentially 
estimates a temperature change of said active element based 
on said element temperature model, and accumulatively adds 
an estimated value of the temperature change to an initial 
value which is set when said internal combustion engine 
starts to operate, thereby estimating the temperature of 
the active element. 

10. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 2, wherein 
said element temperature model comprises a model which is 
representative of a change per predetermined time in the 
temperature of said active element as including a tempera- 
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ture change component depending on the difference between 
at least the temperature of the active element and the tem- 
perature of said heater, and said temperature estimating 
means sequentially estimates a temperature change of said 
active element based on said element temperature model, and 
accumulatively adds an estimated value of the temperature 
change to an initial value which is set when said internal 
combustion engine starts to operate, thereby estimating the 
temperature of the active element. 

11. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 3, wherein 
said element temperature model comprises a model which is 
representative of a change per predetermined time in the 
temperature of. said active element as including a tempera- 
ture change component depending on the difference between 
the temperature of the active element and the temperature 
of the exhaust gas held in contact with the active element, 
and a temperature change component depending on the differ- 
ence between the temperature of the active element and the 
temperature of said heater, and said temperature estimating 
means sequentially estimates a temperature change of said 
active element based on said element temperature model, and 
accumulatively adds an estimated value of the temperature 
change to an initial value which is set when said internal 
combustion engine starts to operate, thereby estimating the 
temperature of the active element. 
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12. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 4, wherein 
said heater temperature model comprises a model which is 
representative of a change per predetermined time in the 
temperature of said heater as including a temperature 
change component depending on the difference between the 
temperature of the heater and the temperature of the active 
element, and said temperature estimating means sequentially 
estimates a temperature change of said heater based on said 
heater temperature model, and accumulatively adds an esti- 
mated value of the temperature change to an initial value 
which is set when said internal combustion engine starts to 
operate, thereby estimating the temperature of the heater. 

13. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 5, wherein 
said heater temperature model comprises a model which is 
representative of a change per predetermined time in the 
temperature of said heater as including a temperature 
change component depending on an amount of heating energy 
supplied to said heater, and said temperature estimating 
means sequentially estimates a temperature change of said 
heater based on said heater temperature model, and accumu- 
latively adds an estimated value of the temperature change 
to an initial value which is set when said internal combus- 
tion engine starts to operate, thereby estimating the 
temperature of the heater. 
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14. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 6, wherein 
said heater temperature model comprises a model which is 
representative of a change per predetermined time in the 
temperature of said heater as including a temperature 
change component depending on the difference between the 
temperature of the heater and the temperature of the active 
element , and a temperature change component depending on an 
amount of heating energy supplied to said heater, and said 
temperature estimating means sequentially estimates a tem- 
perature change of said heater based on said heater tem- 
perature model, and accumulatively adds an estimated value 
of the temperature change to an initial value which is set 
when said internal combustion engine starts to operate, 
thereby estimating the temperature of the heater. 

15. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 7 or 8, 
wherein said element temperature model comprises a model 
which is representative of a change per predetermined time 
in the temperature of said active element as including a 
temperature change component depending on the difference 
between the temperature of the active element and the tem- 
perature of the exhaust gas held in contact with the active 
element, a temperature change component depending on the 
difference between the temperature of the active element 
and the temperature of said heater; 
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said heater temperature model comprises a model 
which is representative of a change per predetermined time 
in the temperature of said heater as including a tempera- 
ture change component depending on the difference between 
the temperature of the heater and the temperature of the 
active element, and a temperature change component depend- 
ing on an amount of heating energy supplied to said heater; 
and 

said temperature estimating means sequentially 
estimates a temperature change of said active element based 
on said element temperature model, and accumulatively adds 
an estimated value of the temperature change to an initial 
value of the temperature of the active element which is set 
when said internal combustion engine starts to operate, 
thereby estimating the temperature of the active element, 
and sequentially estimates a temperature change of said 
heater based on said heater temperature model, and accumu- 
latively adds an estimated value of the temperature change 
to an initial value of the temperature of the heater which 
is set when said internal combustion engine starts to oper- 
ate, thereby estimating the temperature of the heater. 

16. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to any one of 
claims 9, 10, 12, and 13, wherein said initial value is set 
depending on the atmospheric temperature and/or the tern- 
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perature of the internal combustion engine at least when 
said internal combustion engine starts to operate. 

17. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 11, 
wherein said initial value is set depending on the atmos- 
pheric temperature and/or the temperature of the internal 
combustion engine at least when said internal combustion 
engine starts to operate. 

18. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 14, 
wherein said initial value is set depending on the atmos- 
pheric temperature and/or the temperature of the internal 
combustion engine at least when said internal combustion 
engine starts to operate. 

19. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 15, 
wherein said initial value is set depending on the atmos- 
pheric temperature and/or the temperature of the internal 
combustion engine at least when said internal combustion 
engine starts to operate. 

20. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 1 or 2, 
wherein said heater control means sequentially generates a 
control input which determines an amount of heating energy 
supplied to said heater, depending on at least the esti- 
mated value of the temperature of the active element from 
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said temperature estimating means, and controls said heater 
depending on the control input. 

21. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 4 or 5, 
wherein said heater control means sequentially generates a 
control input which determines an amount of heating energy 
supplied to said heater, depending on at least the esti- 
mated value of the temperature of the heater from said tem- 
perature estimating means, and controls said heater depend- 
ing on the control input. 

22. The apparatus for controlling the tempera- 
ture of an exhaust gas sensor according to claim 7 or 8, 
wherein said heater control means sequentially generates a 
control input which determines an amount of heating energy 
supplied to said heater by adding an input component de- 
pending on at least the estimated value of the temperature 
of the active element from said temperature estimating 
means and an input component depending on at least the es- 
timated value of the temperature of the heater from said 
temperature estimating means, and controls said heater de- 
pending on the control input. 

23. A method of controlling the temperature of 
an exhaust gas sensor disposed in an exhaust passage of an 
internal combustion engine and having an active element for 
contacting an exhaust gas flowing through the exhaust pas- 
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sage and a heater for heating the active element, compris- 
ing : 

while sequentially estimating the temperature of 
the active element based on a predetermined element tem- 
perature model which is representative of a temperature 
change of the active element due to heat transfer between 
at least said active element and an exhaust gas held in 
contact with the active element, controlling said heater to 
equalize the temperature of the active element with a pre- 
determined target temperature, using an estimated value of 
the temperature of the active element. 

24. A method of controlling the temperature of 
an exhaust gas sensor disposed in an exhaust passage of an 
internal combustion engine and having an active element for 
contacting an exhaust gas flowing through the exhaust pas- 
sage and a heater for heating the active element, compris- 
ing: 

while sequentially estimating the temperature of 
the active element based on a predetermined element tem- 
perature model which is representative of a temperature 
change of the active element due to heat transfer between 
at least said active element and said heater, controlling 
said heater to equalize the temperature of the active ele- 
ment with a predetermined target temperature, using an es- 
timated value of the temperature of the active element. 
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25. The method of controlling the temperature of 
an exhaust gas sensor according to claim 23 or 24, wherein 
said element temperature model comprises a model which is 
determined to represent, in combination, a temperature 
change of the active element due to heat transfer between 
said active element and an exhaust gas held in contact with 
the active element and a temperature change of the active 
element due to heat transfer between said active element 
and said heater. 

26. A method of controlling the temperature of 
an exhaust gas sensor disposed in an exhaust passage of an 
internal combustion engine and having an active element for 
contacting an exhaust gas flowing through the exhaust pas- 
sage and a heater for heating the active element, compris- 
ing: 

while sequentially estimating the temperature of 
the heater based on a predetermined heater temperature 
model which is representative of a temperature change of 
the heater due to heat transfer between at least said 
heater and said active element, controlling said heater to 
equalize the temperature of the heater with a predetermined 
target temperature, using an estimated value of the tem- 
perature of the heater. 

27. A method of controlling the temperature of 
an exhaust gas sensor disposed in an exhaust passage of an 
internal combustion engine and having an active element for 
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contacting an exhaust gas flowing through the exhaust pas- 
sage and a heater for heating the active element, compris- 
ing : 

while sequentially estimating the temperature of 
the heater based on a predetermined heater temperature 
model which is representative of a temperature change of 
the heater due to the supply of heating energy to at least 
said heater, controlling said heater to equalize the tem- 
perature of the heater with a predetermined target tempera- 
ture, using an estimated value of the temperature of the 
heater . 

28. The method of controlling the temperature of 
an exhaust gas sensor according to claim 26 or 27, wherein 
said heater temperature model comprises a model which is 
determined to represent, in combination, a temperature 
change of the heater due to heat transfer between said 
heater and said active element and a temperature change of 
the heater due to the supply of heating energy to said 
heater . 

29. A method of controlling the temperature of 
an exhaust gas sensor disposed in an exhaust passage of an 
internal combustion engine and having an active element for 
contacting an exhaust gas flowing through the exhaust pas- 
sage and a heater for heating the active element, compris- 
ing : 
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sequentially estimating the temperature of. the 
active element based on a predetermined element temperature 
model which is representative of, in combination, a tem- 
perature change of the active element due to heat transfer 
between said active element and an exhaust gas held in con- 
tact with the active element, and a temperature change of 
the active element due to heat transfer between the active 
element and said heater, and sequentially estimating the 
temperature of the heater based on a predetermined heater 
temperature model which is representative of, in combina- 
tion, a temperature change of the heater due to heat trans- 
fer between said heater and said active element and a tem- 
perature change of the heater due to the supply of heating 
energy to said heater, and controlling said heater to 
equalize the temperature of the active element with a pre- 
determined target temperature, using an estimated value of 
the temperature of the active element and an estimated 
value of the temperature of the heater while estimating the 
temperature of the active element and the temperature of 
the heater. 

30. A method of controlling the temperature of 
an exhaust gas sensor disposed in an exhaust passage of an 
internal combustion engine and having an active element for 
contacting an exhaust gas flowing through the exhaust pas- 
sage and a heater for heating the active element, compris- 
ing : 
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sequentially estimating the temperature of the 
active element based on a predetermined element temperature 
model which is representative of, in combination, a tem- 
perature change of the active element due to heat transfer 
between said active element and an exhaust gas held in con- 
tact with the active element, and a temperature change of 
the active element due to heat transfer between the active 
element and said heater, and sequentially estimating the 
temperature of the heater based on a predetermined heater 
temperature model which is representative of, in combina- 
tion, a temperature change of the heater due to heat trans- 
fer between said heater and said active element and a tem- 
perature change of the heater due to the supply of heating 
energy to said heater, and controlling said heater to 
equalize the temperature of the heater with a predetermined 
target temperature, using an estimated value of the tem- 
perature of the active element and an estimated value of 
the temperature of the heater while estimating the tempera- 
ture of the active element and the temperature of the 
heater . 

31. The method of controlling the temperature of 
an exhaust gas sensor according to claim 23, wherein said 
element temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tem- 
perature of said active element as including a temperature 
change component depending on the difference between at 



least the temperature of the active element and the tem- 
perature of the exhaust gas held in contact with the active 
element, and while sequentially estimating a temperature 
change of said active element based on said element tem- 
perature model, an estimated value of the temperature 
change is accumulatively added to an initial value which is 
set when said internal combustion engine starts to operate, 
thereby estimating the temperature of the active element. 

32. The method of controlling the temperature of 
an exhaust gas sensor according to claim 24, wherein said 
element temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tem- 
perature of said active element as including a temperature 
change component depending on the difference between at 
least the temperature of the active element and the tem- 
perature of said heater, and while sequentially estimating 
a temperature change of said active element based on said 
element temperature model, an estimated value of the tem- 
perature change is accumulatively added to an initial value 
which is set when said internal combustion engine starts to 
operate, thereby estimating the temperature of the active 
element . 

33. The method of controlling the temperature of 
an exhaust gas sensor according to claim 25, wherein said 
element temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tern- 
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perature of said active element as including a temperature 
change component depending on the difference between the 
temperature of the active element and the temperature of 
the exhaust gas held in contact with the active element, 
and a temperature change component depending on the differ- 
ence between the temperature of the active element and the 
temperature of said heater, and while sequentially estimat- 
ing a temperature change of said active element based on 
said element temperature model, an estimated value of the 
temperature change is accumulatively added to an initial 
value which is set when said internal combustion engine 
starts to operate, thereby estimating the temperature of 
the active element. 

34. The method of controlling the temperature of 
an exhaust gas sensor according to claim 26, wherein said 
heater temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tem- 
perature of said heater as including a temperature change 
component depending oh the difference between the tempera- 
ture of the heater and the temperature of the active ele- 
ment, and while sequentially estimating a temperature 
change of said heater based on said heater temperature 
model, an estimated value of the temperature change is ac- 
cumulatively added to an initial value which is set when 
said internal combustion engine starts to operate, thereby 
estimating the temperature of the heater. 
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35. The method of controlling the temperature of 
an exhaust gas sensor according to claim 27, wherein said 
heater temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tem- 
perature of said heater as including a temperature change 
component depending on an amount of heating energy supplied 
to said heater, • and while sequentially estimating a tem- 
perature change of said heater based on said heater tem- 
perature model, an estimated value of the temperature 
change is accumulatively added to an initial value which is 
set when said internal combustion engine starts to operate, 
thereby estimating the temperature of the heater. 

36. The method of controlling the temperature of 
an exhaust gas sensor according to claim 28, wherein said 
heater temperature model comprises a model which is repre- 
sentative of a change per predetermined time in the tem- 
perature of said heater as including a temperature change 
component depending on the difference between the tempera- 
ture of the heater and the temperature of the active ele- 
ment, and a temperature change component depending on an 
amount of heating energy supplied to said heater, and while 
sequentially estimating a temperature change of said heater 
based on said heater temperature model, an estimated value 
of the temperature change is accumulatively added to an 
initial value which is set when said internal combustion 
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engine starts to operate, thereby estimating the tempera- 
ture of the heater. 

37. The method of controlling the temperature of 
an exhaust gas sensor according to claim 29 or 30, wherein 
said element temperature model comprises a model which is 
representative of a change per predetermined time in the 
temperature of said active element as including a tempera- 
ture change component depending on the difference between 
the temperature of the active element and the temperature 
of the exhaust gas held in contact with the active element, 
a temperature change component depending on the difference 
between the temperature of the active element and the tem- 
perature of said heater; 

said heater temperature model comprises a model 
which is representative of a change per predetermined time 
in the temperature of said heater as including a tempera- 
ture change component depending on the difference between 
the temperature of the heater and the temperature of the 
active element, and a temperature change component depend- 
ing on an amount of heating energy supplied to said heater; 
and 

while sequentially estimating a temperature 
change of said active element based on said element tem- 
perature model, an estimated value of the temperature 
change is accumulatively added to an initial value of the 
temperature of the active element which is set when said 
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internal combustion engine starts to operate, thereby esti- 
mating the temperature of the active element, and while se- 
quentially estimating a temperature change of said heater 
based on said heater temperature model, an estimated value 
of the temperature change is accumulatively added to an 
initial value of the temperature of the heater which is set 
when said internal combustion engine starts to operate, 
thereby estimating the temperature of the heater. 

38 . The method of controlling the temperature of 
an exhaust gas sensor according to any one of claims 31, 
32, 34, and 35, wherein said initial value is set depending 
on the atmospheric temperature and/or the temperature of 
the internal combustion engine at least when said internal 
combustion engine starts to operate. 

39. The method of controlling the temperature of 
an exhaust gas sensor according to claim 33, wherein said 
initial value is set depending on the atmospheric tempera- 
ture and/or the temperature of the internal combustion en- 
gine at least when said internal combustion engine starts 
to operate. 

40. The method of controlling the temperature of 
an exhaust gas sensor according to claim 36, wherein said 
initial value is set depending on the atmospheric tempera- 
ture and/or the temperature of the internal combustion en- 
gine at least when said internal combustion engine starts 
to operate. 
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41. The method of controlling the temperature of 
an exhaust gas sensor according to claim 37, wherein said 
initial value is set depending on the atmospheric tempera- 
ture and/or the temperature of the internal combustion en- 
gine at least when said internal combustion engine starts 
to operate. 

42. The method of controlling the temperature of 
an exhaust gas sensor according to claim 23 or 24, wherein 
while sequentially generating a control input which deter- 
mines an amount of heating energy supplied to said heater, 
depending on at least the estimated value of the tempera- 
ture of the active element, said heater is controlled de- 
pending on the control input. 

43. The method of controlling the temperature of 
an exhaust gas sensor according to claim 26 or 27, wherein 
while sequentially generating a control input which deter- 
mines an amount of heating energy supplied to said heater, 
depending on at least the estimated value of the tempera- 
ture of the heater, said heater is controlled depending on 
the control input. 

44. The method of controlling the temperature of 
an exhaust gas sensor according to claim 29 or 30, wherein 
while sequentially generating a control input which deter- 
mines an amount of heating energy supplied to said heater 
by adding an input component depending on at least the es- 
timated value of the temperature of the active element and 
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an input component depending on at least the estimated 
value of the temperature of the heater, said heater is con- 
trolled depending on the control input. 

45. A recording medium readable by a computer 
and storing a temperature control program for enabling the 
computer to perform a process of controlling the tempera- 
ture of an exhaust gas sensor disposed in an exhaust pas- 
sage of an internal combustion engine and having an active 
element for contacting an exhaust gas flowing through the 
exhaust passage and a heater for heating the active ele- 
ment, wherein: 

said temperature control program comprises a 
temperature estimating program for enabling said computer 
to perform a process of sequentially estimating the tem- 
perature of the active element based on a predetermined 
element temperature model which is representative of a tem- 
perature change of the active element due to heat transfer 
between at least said active element and an exhaust gas 
held in contact with the active element, and a heater con- 
trol program for enabling said computer to perform a proc- 
ess of controlling said heater to equalize the temperature 
of the active element with a predetermined target tempera- 
ture, using an estimated value of the temperature of the 
active element . 

46. A recording medium readable by a computer 
and storing a temperature control program for enabling the 



- 152 - 



computer to perform a process of controlling the tempera- 
ture of an exhaust gas sensor disposed in an exhaust pas- 
sage of an internal combustion engine and having an active 
element for contacting an exhaust gas flowing through the 
exhaust passage and a heater for heating the active ele- 
ment, wherein: 

said temperature control program comprises a 
temperature estimating program for enabling said computer 
to perform a process of sequentially estimating the tem- 
perature of the active element based on a predetermined 
element temperature model which is representative of a tem- 
perature change of the active element due to heat transfer 
between at least said active element and said heater, and a 
heater control program for enabling said computer to per- 
form a process of controlling said heater to equalize the 
temperature of the active element with a predetermined tar- 
get temperature, using an estimated value of the tempera- 
ture of the active element. 

47. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 45 or 46, wherein said element temperature model com- 
prises a model which is determined to represent, in combi- 
nation, a temperature change of the active element due to 
heat transfer between said active element and an exhaust 
gas held in contact with the active element and a tempera- 
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ture change of the active element due to heat transfer be- 
tween said active element and said heater. 

48. A recording medium readable by a computer 
and storing a temperature control program for enabling the 
computer to perform a process of controlling the tempera- 
ture of an exhaust gas sensor disposed in an exhaust pas- 
sage of an internal combustion engine and having an active 
element for contacting an exhaust gas flowing through the 
exhaust passage and a heater for heating the active ele- 
ment, wherein: 

said temperature control program comprises a 
temperature estimating program for enabling said computer 
to perform a process of sequentially estimating the tem- 
perature of the heater based on a predetermined heater tem- 
perature model which is representative of a temperature 
change of the heater due to heat transfer between at least 
said heater and said active element, and a heater control 
program for enabling said computer to perform a process of 
controlling said heater to equalize the temperature of the 
heater with a predetermined target temperature, using an 
estimated value of the temperature of the heater. 

49. A recording medium readable by a computer 
and storing a temperature control program for enabling the 
computer to perform a process of controlling the tempera- 
ture of an exhaust gas sensor disposed in an exhaust pas- 
sage of an internal combustion engine and having an active 
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element for contacting an exhaust gas flowing through the 
exhaust passage and a heater for heating the active ele- 
ment, wherein: 

said temperature control program comprises a 
temperature estimating program for enabling said computer 
to perform a process of sequentially estimating the tem- 
perature of the heater based on a predetermined heater tem- 
perature model which is representative of a temperature 
change of the heater due to at least the supply of heating 
energy to said heater, and a heater control program for 
enabling said computer to perform a process of controlling 
said heater to equalize the temperature of the heater with 
a predetermined target temperature, using an estimated 
value of the temperature of the heater. 

50. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 48 or 4 9, wherein said heater temperature model com- 
prises a model which is determined to represent, in combi- 
nation, a temperature change of the heater due to heat 
transfer between said heater and said active element and a 
temperature change of the heater due to the supply of heat- 
ing energy to said heater. 

51. A recording medium readable by a computer 
and storing a temperature control program for enabling the 
computer to perform a process of controlling the tempera- 
ture of an exhaust gas sensor disposed in an exhaust pas- 
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sage of an internal combustion engine and having an active 
element for contacting an exhaust gas flowing through the 
exhaust passage and a heater for heating the active ele- 
ment, wherein: 

said temperature control program comprises a 
temperature estimating program for enabling said computer 
to perform a process of sequentially estimating the tem- 
perature of the active element based on a predetermined 
element temperature model which is representative of, in 
combination, a temperature change of the active element due 
to heat transfer between said active element and an exhaust 
gas held in contact with the active element, and a tempera- 
ture change of the active element due to heat transfer be- 
tween the active element and said heater, and sequentially 
estimating the temperature of the heater based on a prede- 
termined heater temperature model which is representative 
of, in combination, a temperature change of the heater due 
to heat transfer between said heater and said active ele- 
ment and a temperature change of the heater due to the sup- 
ply of heating energy to said heater; and 

a heater control program for enabling said com- 
puter to perform a process of controlling said heater to 
equalize the temperature of the active element with a pre- 
determined target temperature, using an estimated value of 
the temperature of the active element and an estimated 
value of the temperature of the heater. 
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52. A recording medium readable by a computer 
and storing a temperature control program for enabling the 
computer to perform a process of controlling the tempera- 
ture of an exhaust gas sensor disposed in an exhaust pas- 
sage of an internal combustion engine and having an active 
element for contacting an exhaust gas flowing through the 
exhaust passage and a heater for heating the active ele- 
ment r wherein: 

said temperature control program comprises a 
temperature estimating program for enabling said computer 
to perform a process of sequentially estimating the tem- 
perature of the active element based on a predetermined 
element temperature model which is representative of, in 
combination, a temperature change of the active element due 
to heat transfer between said active element and an exhaust 
gas held in contact with the active element, and a tempera- 
ture change of the active element due to heat transfer be- 
tween the active element and said heater, and sequentially 
estimating the temperature of the heater based on a prede- 
termined heater temperature model which is representative 
of, in combination, a temperature change of the heater due 
to heat transfer between said heater and said active ele- 
ment and a temperature change of the heater due to the sup- 
ply of heating energy to said heater; and 

a heater control program for enabling said com- 
puter to perform a process of controlling said heater to 
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equalize the temperature of the heater with a predetermined 
target temperature, using an estimated value of the tem- 
perature of the active element and an estimated value of 
the temperature of the heater . 

53. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 45, wherein said element temperature model comprises 
a model which is representative of a change per predeter- 
mined time in the temperature of said active element as in- 
cluding a temperature change component depending on the 
difference between at least the temperature of the active 
element and the temperature of the exhaust gas held in con- 
tact with the active element, and said temperature estimat- 
ing program comprises a program for enabling the computer 
to perform a process of sequentially estimating a tempera- 
ture change of said active element based on said element 
temperature model, and accumulatively adding an estimated 
value of the temperature change to an initial value which 1 
is set when said internal combustion engine starts to oper- 
ate, thereby estimating the temperature of the active ele- 
ment . 

54. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 46, wherein said element temperature model comprises 
a model which is representative of a change per predeter- 
mined time in the temperature of said active element as in- 
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eluding a temperature change component depending on the 
difference between at least the temperature of the active 
element and the temperature of said heater, and said tem- 
perature estimating program comprises a program for ena- 
bling the computer to perform a process of sequentially es- 
timating a temperature change of said active element based 
on said element temperature model, and accumulatively add- 
ing an estimated value of the temperature change to an ini- 
tial value which is set when said internal combustion en- 
gine starts to operate, thereby estimating the temperature 
of the active element. 

55. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 47, wherein said element temperature model comprises 
a model which is representative of a change per predeter- 
mined time in the temperature of said active element as in- 
cluding a temperature change component depending on the 
difference between the temperature of the active element 
and the temperature of the exhaust gas held in contact with 
the active element, and a temperature change component de- 
pending on the difference between the temperature of the 
active element and the temperature of said heater, and said 
temperature estimating program comprises a program for ena- 
bling the computer to perform a process of sequentially es- 
timating a temperature change of said active element based 
on said element temperature model, and accumulatively add- 
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ing an estimated value of the temperature change to an ini- 
tial value which is set when said internal combustion en- 
gine starts to operate, thereby estimating the temperature 
of the active element. 

56. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 48, wherein said heater temperature model comprises a 
model which is representative of a change per predetermined 
time in the temperature of said heater as including a tem- 
perature change component depending on the difference be- 
tween the temperature of the heater and the temperature of 
the active element, and said temperature estimating program 
comprises a program for enabling the computer to perform a 
process of sequentially estimating a temperature change of 
said heater based on said heater temperature model, and ac- 
cumulatively adding an estimated value of the temperature 
change to an initial value which is set when said internal 
combustion engine starts to operate, thereby estimating the 
temperature of the heater. 

57. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 4 9, wherein said heater temperature model comprises a 
model which is representative of a change per predetermined 
time in the temperature of said heater as including a tem- 
perature change component depending on an amount of heating 
energy supplied to said heater, and said temperature esti- 
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mating program comprises a program for enabling the com- 
puter to perform a process of sequentially estimating a 
temperature change of said heater based on said heater tem- 
perature model, and accumulatively adds an estimated value 
of the temperature change to an initial value which is set 
when said internal combustion engine starts to operate, 
thereby estimating the temperature of the heater. 

58. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 50, wherein said heater temperature model comprises a 
model which is representative of a change per predetermined 
time in the temperature of said heater as including a tem- 
perature change component depending on the difference be- 
tween the temperature of the heater and the temperature of 
the active element, and a temperature change component 
depending on an amount of heating energy supplied to said 
heater, and said temperature estimating program comprises a 
program for enabling the computer to perform a process of 
sequentially estimating a temperature change of said heater 
based on said heater temperature model, and accumulatively 
adding an estimated value of the temperature change to an 
initial value which is set when said internal combustion 
engine starts to operate, thereby estimating the tempera- 
ture of the heater. 

59. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
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claim 51 or 52, wherein said element temperature model com- 
prises a model which is representative of a change per pre- 
determined time in the temperature of said active element 
as including a temperature change component depending on 
the difference between the temperature of the active ele- 
ment and the temperature of the exhaust gas held in contact 
with the active element, a temperature change component de- 
pending on the difference between the temperature of the 
active element and the temperature of said heater; 

said heater temperature model comprises a model 
which is representative of a change per predetermined time 
in the temperature of said heater as including a tempera- 
ture change component depending on the difference between 
the temperature of the heater and the temperature of the 
active element, and a temperature change component depend- 
ing on an amount of heating energy supplied to said heater; 
and 

said temperature estimating program comprises a 
program for enabling the computer to perform a process of 
sequentially estimating a temperature change of said active 
element based on said element temperature model, and accu- 
mulatively adding an estimated value of the temperature 
change to an initial value of the temperature of the active 
element which is set when said internal combustion engine 
starts to operate, thereby estimating the temperature of 
the active element, and sequentially estimating a tempera- 



ture change of said heater based on said heater temperature 
model, and accumulatively adding an estimated value of the 
temperature change to an initial value of the temperature 
of the heater which is set when said internal combustion 
engine starts to operate, thereby estimating the tempera- 
ture of the heater. 

60. The recording medium storing a temperature 
control program for an exhaust gas sensor according to any 
one of claims 53, 54, 56, and 57, wherein said initial 
value is set depending on the atmospheric temperature 
and/or the temperature of the internal combustion engine at 
least when said internal combustion engine starts to oper- 
ate . 

61. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 55, wherein said initial value is set depending on 
the atmospheric temperature and/or the temperature of the 
internal combustion engine at least when said internal com- 
bustion engine starts to operate. 

62 . The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 58, wherein said initial value is set depending on 
the atmospheric temperature and/or the temperature of the 
internal combustion engine at least when said internal com- 
bustion engine starts to operate. 



- 163 



63. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 59, wherein said initial value is set depending on 
the atmospheric temperature and/or the temperature of the 
internal combustion engine at least when said internal com- 
bustion engine starts to operate. 

64 . The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 45 or 46, wherein said heater control program com- 
prises a program for enabling said computer to perform a 
process of sequentially generating a control input which 
determines an amount of heating energy supplied to said 
heater, depending on at least the estimated value of the 
temperature of the active element, and controlling said 
heater depending on the control input. 

65. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
claim 48 or 49, wherein said heater control program com- 
prises a program for enabling said computer to perform a 
process of sequentially generating a control input which 
determines an amount of heating energy supplied to said 
heater, depending on at least the estimated value of the 
temperature of the heater, and controlling said heater de- 
pending on the control input. 

66. The recording medium storing a temperature 
control program for an exhaust gas sensor according to 
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claim 51 or 52, wherein said heater control program com- 
prises a program for enabling said computer to perform a 
process of sequentially generating a control input which 
determines an amount of heating energy supplied to said 
heater by adding an input component depending on at least 
the estimated value of the temperature of the active ele- 
ment and the estimated value of the temperature of the 
heater, and controlling said heater depending on the con- 
trol input. 



